Introduction
It is well known that the use of antipsychotic agents can cause elevated levels of circulating prolactin, because of their antidopaminergic activity affecting the tuberoinfundibular pathway (1) . Elevated prolactin levels are associated with decreased bone mineral density (2) . In addition, some epidemiological studies suggest a possible link between an elevated prolactin level and an increased risk of osteoporosis-related fractures (1, 3) . Risperidone is an atypical antipsychotic agent featuring antagonistic effects of the dopamine type 2 and serotonin type 2A receptors. It is associated with a greater and more frequent elevation of circulating prolactin level compared with other atypical antipsychotics (4, 5) , and because of this fact, there has been a concern that risperidone may be associated with an increased risk of osteoporosis-related fractures.
The risk of fractures might also be elevated among users of antipsychotics for reasons other than osteoporosis induced by hyperprolactinemia. For example, other side-effects of antipsychotics, as well as comorbid somatic illnesses, could contribute to fractures. In early 2017, the U.S. Food and Drug Agency approved a labeling update for all antipsychotic medications stating that antipsychotic drugs may cause somnolence, postural hypotension, and motor and sensory instability, which may lead to falls and, consequently, fractures or other injuries (6) .
The importance of antipsychotic-induced hyperprolactinemia in bone mineral loss remains undetermined (7) . While the use of antipsychotics has been associated with increased risk of fracture in some epidemiological studies (8) (9) (10) , the precise role of prolactin-raising drugs compared with other factors contributing to osteoporosis and fracture has not been disentangled (11) .
Aims of the study
The goal of this nationwide cohort study was to compare the risk of osteoporosis-related fractures associated with risperidone, other atypical antipsychotics, and typical antipsychotics. Using an empirical definition of osteoporosis-related fracture, we aimed to evaluate the incidence of both hip and non-hip fractures, which were defined as primary and secondary outcomes respectively.
Material and methods

Data sources
Data were obtained from five different Swedish national registers, which were linked using the unique personal identification number (PIN), which is assigned to all Swedish residents at birth or immigration (12) . The Prescribed Drug Register (PDR) provided information on antipsychotic exposure, classified as risperidone, any other atypical antipsychotics (except for paliperidone, the active metabolite of risperidone), or typical antipsychotics using the Anatomical Therapeutic Chemical (ATC) classification codes. All formulations of new users of antipsychotics were included (i.e., oral and injectable). The register contains information on all dispensed drugs at Swedish pharmacies since July 2005 (13) and includes information on ATC classification, quantity, and dates of dispensing. The medical indication of the drug is not included in the register. The PDR does not include drugs administered during hospitalization.
The National Patient Register (NPR) provides information on fractures and some potential confounding factors (see 'variables' section). The register contains details of in-patient discharge diagnoses, which have been recorded since 1964 with complete national coverage from 1987 (14) . Since 2001, information on out-patient visits to hospital (specialist care) is registered and the coverage improved during the following years. Diagnoses are coded according to the International Classification of Disease (ICD) version 10 since 1997. The quality of the register has been shown to be of a high standard (14) .
The Cause of Death Register (15) , Swedish Cancer Register (16) , and Register of Population and Population Changes provided information on important covariates and censoring variables (see 'variables' section).
Study population and design
We performed a cohort study using data from national longitudinal population-based registers in Sweden. The study included a cohort of patients with different antipsychotic exposures: risperidone, any other atypical antipsychotics (except for paliperidone, the active metabolite of risperidone), or typical antipsychotics. Patients were excluded if they had active cancer or a pituitary tumor according to the Swedish Cancer Register (at index date or within 5 years prior), or had at any time prior to the start of follow-up received a dispensing of paliperidone (ATC code N05AX13). Further, patients with a non-open hip/femur fracturecommonly related to osteoporosis (17)-prior to the exposure index date, or within 6 months after the exposure index date, were excluded from the study population.
Eligible study subjects were patients, at least 18 years of age at index date, who were residents of Sweden at least 12 months prior to the first exposure of at least two consecutive dispensings of an antipsychotic between July 1, 2006, and December 31, 2014, and did not emigrate from Sweden for at least 12 months after the exposure index date. Subjects were followed longitudinally for the ascertainment of any new occurrences of osteoporosis-related fractures until December 31, 2014.
Exposed individuals had to be new users of the antipsychotic, defined as having no prescription record for the same antipsychotic in the 12 months prior to the first dispensation that defined the exposure group. Subjects had to have two consecutive dispensings of an antipsychotic, with the second dispensing defined as the exposure index date. Consecutive dispensing was defined as one dispensing after another within 3 months and no other antipsychotics between the two dispensings. The 3month cutoff was pragmatically chosen because ongoing drug treatments in Sweden typically are prescribed three months at a time and we wanted to exclude the possibility of those who collected the prescription once and probably did not use it. There were three antipsychotic exposure cohorts: (i) risperidone, (ii) other atypical antipsychotics, and (iii) typical antipsychotics. Those with no previous prescription record for any antipsychotic in the 12 months prior to the first identified prescription during the study period were considered as treatment-na€ ıve individuals.
Cases of newly diagnosed fractures that met our empirical definition of being osteoporosis-related (see section 'variables' below) were identified by the presence of a diagnosis in the NPR coded according to ICD. The primary outcome was nonopen hip/femur fractures. An in-patient diagnosis was required for defining hip/femur fracture. Osteoporosis-related fractures were empirically defined as non-open fractures that occur in the absence of major traumas or bone metastases. Non-hip/femur fractures were the secondary outcome and defined as fracture at the spine, rib, clavicle, humerus, radius/ulna, wrist, pelvis, or tibia/ fibula. Non-hip/femur fractures were identified from both in-patient (including emergency room) and out-patient diagnoses recorded in the NPR.
As early occurrence of fracture is not likely related to the exposure, cohort follow-up began from 6 months after the exposure index date. The main analysis followed a time on drug approach. The active treatment follow-up time ended at discontinuation of the treatment regimen plus 6 months, occurrence of an osteoporosis-related fracture, emigration, or end of study period (December 31, 2014), whichever occurred earlier. Individuals were censored if they switched to an antipsychotic from another treatment group.
Variables
To adjust for potential confounding factors, the prevalence of comorbidities such as psychiatric conditions and somatic diseases associated with elevated levels of prolactin was used based on previously recorded diagnoses in the NPR. Further, data on medication treatments for hyperprolactinemia and drugs other than antipsychotic medication associated with increased prolactin levels were collected from the PDR. Any previous psychiatric diagnoses recorded prior to the first of the two consecutive dispensations were considered as potential confounding factors, whereas information on previous somatic conditions and medication was collected starting 6 months prior to the exposure index date. Additional factors associated with the risk of osteoporosis were identified based on the FRAX fracture risk assessment tool (18) . These potential confounding factors were obesity, earlier fracture during adulthood, risk factors for secondary osteoporosis, rheumatoid arthritis, nicotine use disorder, disease related to alcohol use disorder and treatment with cortisone, lithium, antiepileptics, or osteoporosis-related medications. ICD and ATC codes of the investigated potential confounding factors as well as diagnostic codes for the primary and secondary outcomes are given in section 1 and section 3 of the Supporting information.
Statistical analyses
Fracture incidence rates were estimated for each of the exposure groups. Analyses were conducted both for the outcomes of non-open hip/femur and non-hip/femur fractures. To exclude potential prevalent cases, and increased fracture risk resulting from previous injuries, an occurrence of a fracture was considered newly diagnosed, or incident, only if there was no ICD-10 record of a fracture at the same site any time prior to exposure onset (side not considered). The fracture incidence rate was analyzed separately in treatment-na€ ıve individuals. The incidence rates of fractures were estimated according to the person-time of the total cohort follow-up, as well as the person-time of active treatment exposure follow-up by the three exposure groups (risperidone, other atypical antipsychotics, and typical antipsychotics). Some 20% of the patients who switched from one antipsychotic to another or treated with more than one antipsychotic drug were excluded.
Cox proportional hazards regression models were used to estimate unadjusted and adjusted hazard ratios (HRs and aHRs) and 95% confidence intervals (CIs) for fractures among the exposure groups. The reference group was other atypical antipsychotics, and main analyses were made using a time on drug approach. As there was substantial variation in the age distribution of the exposure groups, in addition to adjusting for age as a continuous variable, the analyses were also stratified by age groups (18-44, 45-64, and 65+ years). We also performed analyses based on the intention-to-treat method, where exposure time was not halted when the index antipsychotic ceased to be filled. Sensitivity analyses were conducted to check the robustness of the findings (see the Supporting information).
Covariates were retained in the final model if their inclusion, in a model containing the single covariate and the antipsychotic exposure variable, changed the HR for the antipsychotic exposure variable by 10% or more, relative to the unadjusted HR for antipsychotic exposure (i.e., adjusted HR/unadjusted HR is outside the interval 0.90-1.10), the so-called 'change-in-estimate' criterion. The analysis of potential confounding factors was repeated when the cohort analysis was age-stratified. The variables that fulfilled the 10% change-in-estimate criterion for the overall analysis were age, clinic of first dispensation, multidose dispensing, Charlson comorbidity index, history of psychiatric in-patient care, dementia, and stress-related or somatoform disorder. Multidose dispensation indicated that medication was delivered in separate bags or trays for each individual administration time, instead of separate pharmaceutical packaging for each drug (mainly used by elderly and certain individuals with psychiatric illness). Adjusting for antidepressant use slightly attenuated the risk of fracture, but the effect did not meet the required threshold for this measure to be retained as a covariate in regression models. The selection of confounding factors was repeated for each age stratum and did not reveal any new covariates which met the criteria to be included in the models for stratified analyses (data in section 4 of the Supporting information).
The assumption that hazard functions are proportional over time (i.e., constant relative hazard) was checked using a proportionality test and 'log(log(survival)) vs. log of survival time' plots. In addition, graphical assessment of time trend was conducted by 'log(-log(survival) vs. log of survival time' plots, scaled Schoenfeld residual plot, and Kaplan-Meier survival curves.
Data management and analyses were conducted utilizing SAS 9.4 software.
Ethics
The study was approved by the regional ethical review board in Stockholm (ref nr 2016/541-32).
Results
The study included 38 211 individuals exposed to risperidone, 60 691 individuals exposed to other atypical antipsychotics, and 17 445 individuals exposed to typical antipsychotics ( Table 1) .
The mean age ranged from 44 years (SD 17) among new users of atypical antipsychotics other than risperidone to 68 years (SD 21) among new users of risperidone. Most (53.9%) of new users of risperidone were 75 years or older at the time of the first dispensing, compared with only 6.6% among new users of other atypical antipsychotics.
Among risperidone users, 18.5% had a diagnosis of dementia, compared with 2.0% among users of other atypical antipsychotics (Table 1) . A schizophrenia diagnosis occurred most frequently among user of typical antipsychotics (6.7%), while a unipolar or bipolar disorder was most common among users of other atypical antipsychotics (31.6% and 9.3% respectively). A history of suicide attempt was present among 13.3% of users of other atypical antipsychotics but only among 4.6% of risperidone users.
Psychiatric hospitalizations within 180 days prior to index exposure were most common in the other atypical antipsychotics group (38.1% of patients), and the corresponding percentages for the risperidone and typical groups were similar at about 17%. Clinic of the prescriber of the index antipsychotic was primary care for 46.5% risperidone users but 5.7% for users of other atypical antipsychotics. Table 2 shows the association between the use of antipsychotic agents and the primary outcome of non-open hip/femur fractures and applying a time on drug analysis, with associations reported as unadjusted and adjusted hazard ratios. In adjusted analyses, there was no statistically significant difference in the risk of fracture for risperidone compared with other atypical antipsychotics (aHR: 1.04; 95% CI: 0.91-1.19) and this was also the case in age-stratified analyses. For typical antipsychotics, there was a 24% statistically significant higher risk (aHR: 1.24; 95% CI: 1.07-1.45), compared with other atypical antipsychotics. Following age stratification, the risk increase remained statistically significant for the age groups 45-64 years (aHR: 1.56; 95% CI: 1.05-2.32) and 65+ years (aHR: 1.21; 95% CI: 1.03-1.43). In the 18-44-year age group, the number of fractures was eight, two, and two for risperidone, other atypical antipsychotics, and typical antipsychotics respectively. Corresponding analyses based on intentionto-treat yielded consistent results (see section 4 of the Supporting information). Table 3 provides results for treatment-na€ ıve individuals. For risperidone compared with other atypical antipsychotics, there was no statistically significant difference in the risk of non-open hip/femur fractures. For typical antipsychotics, there was a statistically significant risk increase compared with other atypical antipsychotics in the aggregated analysis (aHR: 1.25; 95% CI: 1.07- 1.47) as well as in the age groups 45-64 years (aHR: 1.58; 95% CI: 1.01-2.50) and 65 + years (aHR: 1.23; 95% CI: 1.03-1.46). Tables 4 and 5 show the association between the use of antipsychotic agents and the secondary outcome of non-hip/femur fractures for all and treatment-na€ ıve individuals respectively. For risperidone compared with atypical antipsychotics, there were no statistically significant differences. For typical antipsychotics compared with other atypical antipsychotics, there were no statistically significant differences in the aggregated analysis, but the age-stratified analysis showed moderately increased risk in the 65+ age group. This was the case for both all users (aHR: 1.19; 95% CI: 1.01-1.40) and those who were treatment-na€ ıve (aHR: 1.19; 95% CI: 1.00-1.41).
The results were not materially changed in the sensitivity analyses (see the Supporting information). 
Discussion
This study indicates that compared with other atypical antipsychotic agents, risperidone use is not associated with an elevated risk of osteoporosis-related fractures. For typical antipsychotics, a moderately elevated risk of hip fractures was noted compared with other atypical antipsychotics even after age stratification, but for non-hip fractures the increased risk was present only in the 65+ age group. The use of any atypical antipsychotic compared with non-use has in some studies been associated with a higher risk of fracture (19) , whereas in another study, it found no statistically significant associations (20) . The results of this study are consistent with the findings of a recent review and meta-analysis that included 19 observational studies on the association between the use of antipsychotics and fractures where most of the studies considered hip fractures among the elderly (8) . The meta-analysis included studies covering six antipsychotics (chlorpromazine, haloperidol, olanzapine, quetiapine, risperidone, and thioridazine), and risperidone was associated with the lowest fracture risk, with small differences between atypical antipsychotics. Further, a recently published Danish population-based cohort study of patients aged 65 years or more did not find any significant differences in risk between the atypical antipsychotics (risperidone, olanzapine, and quetiapine) included in the study (10) . Moreover, another Danish population-based cohort study on the risk of hip fracture among patients with schizophrenia did not find an association with any specific antipsychotic drug (9) .
Osteoporosis is associated with several risk factors, including age, female sex, lifestyle, certain diseases, and medications. The risk factors act via various mechanisms to affect risks of osteoporosis and of osteoporosis-related fractures. For example, hyperprolactinemia caused by antipsychotics is believed to reduce bone mineral density and may thus contribute to osteoporosis via a direct and an indirect mechanism: directly by reducing osteoblast cell numbers and indirectly via the hypothalamic-pituitary-gonadal axis by decreasing the levels of gonadal hormones (7) . Given the multicausal nature of osteoporosis-related fractures, it is challenging to disentangle the specific risk contribution of a prolactin-elevating antipsychotic such as risperidone. We therefore examined a number of potential confounding factors and included in adjusted models those that met a predetermined change-in-estimate criterion. There was a moderately increased fracture risk of typical antipsychotics but not risperidone compared with other atypical antipsychotics, and since risperidone is known for its potential to increase prolactin, the increased risk associated with typical antipsychotics is unlikely to have been caused by hyperprolactinemia but perhaps more likely residual confounding related to lifestyle factors that could not be controlled. For instance, schizophrenia is more common in this group and is associated with a sedentary lifestyle (21, 22) and smoking (23) . As those data not are available in the present databases, we were unable to fully control for these risk factors for osteoporosis.
Our results further indicate that the higher age and greater frailty among patients who are exposed to risperidone should be carefully considered when investigating associations between fracture and antipsychotic treatment. Higher age is known to be an important risk factor for osteoporosis-related fractures (24) . Multidose dispensing was one of the variables that fulfilled the criteria of a minimum of 10% change in the Table 5 . Secondary outcome (non-hip/femur fractures), restricted to treatment-na€ ıve patients. Hazard ratios (HR) and 95% confidence intervals (CI) for the association between the use of risperidone, other atypical antipsychotics, and typical antipsychotics and the secondary outcome, overall and stratified by three age groups using a time on drug analysis unadjusted estimate after introducing the candidate covariate in the model. This variable may be a proxy for frailty, because multidose dispensing is commonly used for patients with cognitive disabilities or with physical challenges in handling their medications, and also for patients prescribed a various number of tablets for chronic diseases. In nursing homes in Sweden, it is not uncommon that elderly are prescribed antipsychotics (25) . In Sweden, risperidone is approved for short-term treatment of persistent aggression in patients with moderate-to-severe Alzheimer's disease, who do not respond to treatment with non-pharmacological approaches (26) . This practice of antipsychotic treatment in patients with dementia is likely the single most important reason why risperidone users had a higher average age in this study, compared with the other antipsychotic exposure groups.
Strengths and limitations
The strengths of this study include the use of a population-based cohort design, including all individuals initiating antipsychotic treatment during the study period and minimal loss to follow-up. The national health registers in Sweden are known to be of high quality; the recorded psychiatric diagnoses in NPR have a high concordance with the corresponding diagnoses in the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) (14) , and the PDR provides complete and reliable data (13) . The large number of included patients and person-time antipsychotic exposure generated enough statistical power to detect even a small change in the risk of a fracture.
The descriptive results of this study apply to an in-patient and out-patient population who have filled prescriptions of antipsychotics and are new users of antipsychotics in Sweden, except for patients who only received medication during a hospitalization. In our assessment, the study has a design suitable to evaluate the risk of fracture among Swedish individuals who were dispensed antipsychotics, and is generalizable to Swedish patients.
A limitation of this study is that the PDR only provides information on dispensing and not medication use and discontinuation dates. Therefore, person-time and durations of treatment may to some extent be misclassified. Out-patient data were not included in the NPR until 2001 and the recording of psychiatric out-patient diagnoses has been incomplete before 2008 (14) , which may have led to misclassification of psychiatric diagnosis before the index dispensing. Further, we had no information on diagnoses given by general practitioners in primary care, although care guidelines generally indicate that patients with a severe psychiatric condition should be referred to specialized care (27) . Finally, as the PDR does not include data on the indication of treatment, we could not control for this potentially important factor.
Although the study design attempted to limit prior antipsychotic exposure by applying a 12month period washout prior to the index date, it is possible that some patients were exposed to antipsychotics before 2005 and that true cumulative exposure to antipsychotics therefore could not be measured in all patients. We have attempted to control for confounding through study design and by adjusting for several factors, but residual confounding cannot be excluded. Confounding by contraindication, in the case when an antipsychotic with sedative properties is not prescribed to a fallprone and fragile patient, may be partially avoided by excluding patients with a prior osteoporosis-related fracture. Smoking could only be partially controlled for using available data (e.g., nicotine use disorder). Our data further cover a significant time span. However, this study would not be able to assess associations between antipsychotics and fractures if the effect to induce osteoporosis was due to prolonged exposure spanning decades.
This study considered osteoporosis-related fractures for the entire population treated with antipsychotic medication. Further research may consider specific subcategories, including individuals with psychiatric disorders such as schizophrenia or bipolar disorder. The diagnostic category of neurotic and stress-related disorders was found to be a significant confounder and included in adjusted analyses. Further research is required to uncover the underlying causal mechanism. It may be that the diagnostic category is a proxy for lifestyle factors associated with an increased risk of developing osteoporosis, possibly smoking and sedentary behavior, which we were unable to control for. Similarly, a recent study of elderly initiating antidepressant treatment (28) found a higher risk of fracture both before and after initiating treatment, which was among other things attributed to confounding that could not be controlled for as these measures were not included in available registers.
In conclusion, our results suggest that risperidone use is not associated with an elevated risk of osteoporosis-related fracture compared with other atypical antipsychotic agents. Results were similar for both hip and non-hip fractures. For typical antipsychotics, a moderately elevated risk of hip fractures was noted compared with other atypical antipsychotics, possibly because of residual confounding.
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